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IH Aspects of Underground Oil Shale Mining

INTRODUCTION

The United Stat~s ccntains vast dqcsits of oil shale. The

high-grade deposits of the Green River Formation of Colorado, Utah,
.

and Uyominy are estimated to contain some 93 billion Ir? (6u(I

billion bbl) of recoverable shale oil.~ ht current rates of

consumption, these rescurces alone could supply this country’s

liquid fuel needs for many decades. Despite this poterltial and

substantial Interest in producing oil from these dep~sits since the

early 19U0’s, there are still no commercial shale oil facilities in

the United States. Two coninercial-scale facilities isreunder

construction north of the town of Parachute, Colorado, and fir~

expected to begin operation in the next several years. The

facilities are being constructed by Union Oil Company of Califorrlia

and the Colony Oil Shale Project (a partnership of Exxon Corp. and

Tosco, Inc.). ~ddiiional commercial facilities are in the

and development stage. A1l or almost all of the near term

development is expected to occur in Colorado and Utah with

shales frcm the Green River Formation.

planning

oil

Oil shale must be heated (retorted) LO some !A.lo-Cto l?reaKdown

the waxlikc hydrocarbon known as kerogen to produce ~ombustible

gases arlc!shale oil. Processe; being developed to p?oduce shals oil

consist of 1) aboveground processing, In which oil shale is mined

and trdnspc)rt~d to metal retorting Vesses!s located on the ground

surface, and 2) @ zitu r?tortlng, in which L,,eoil sl~ale Is—
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fractured by explosives to create retorts in the ground. In situ——

retorts being developed incldde both true in situ retorts in which——

nL mining occurs prior to :reation of a retort, and modified in situ——.

(MIS) retorts in which 20 to40 Eer cent of the oil shale is mined

prior to creation of a ?etort. Abovegmund processing of oil shale

is further developed, and the first cum:lercial Shale all facilities

will employ above-ground processing.

Process unit operatiol]s for shale oil production i~ above-ground

facilities inciuclemining (either underground or open pit), shale

prepar~tion and l~mdliny, retorting, disposal of retorted or “spent”

shale, aridretart product cleaning, upgrading, and stcraqe. Tnis

paper discusses the industrial hygifine aspects of only :he first of

these operations, mining, and is limited to ur.clergroundmining of

oil shale. Mining in suppwt of atrovegroril]dprocessing and in

support of MIS retorting are discussed.

The majority of the information av~ila~le or!oil shdle

nining--whether rel~ted to the composition of oil shales, the

techniques and equipment to lleused, or potential hed]th

hazarus-- relates to oil shales from the Green NitierFonuation. For

this rt!dsun, this paper is necessarily directed tow~l~s the mining

ot’Greer~ River Fonndtion oil shales.

Knuwledqe of potential hedlth impacts to o’

limited because of tilelimited e~perience with

1 shale miners is

oil shdle mining in

the U. S. Sevurdl snort-term industrial hygiene air sdmpliny
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IiiAspects of Underground Oil Shale Mining

studies have been conducted at experimental oil shale mines over the

past tellyears. These have included studies by or for the Bureau of

Mines,
2,3

Los Alamos National Laboratory (Los Alarnos),4-6 the

Mine Safety and Health Administration (MSHA),7’8 and the National

Institute for Occupational Safety and Health (NIOSH).9 Air

sampling studies bake also been conducted by the Colony Development

Opera Lion, Occidental Oil Shale, Inc., and the Rio Blanco Oil Shale

Company; however, results of the studies by private industry 4ave

not been reported.

Commercial-scale mining and processing of oil sh~le has occurred

in the Estmian region of the U. S. S. R. fcr the past 35 years, An

oil shale industr~ also existed in Scotland for close to 100 years.

Although characteristics of the oil shales in these areas diifer

from those cf the Glmeen River Form~tion, experiences in these areas

mtiy suggest potential health concerns for a U. S. industry.

Mining cqulpment and techniques in oil shale mining are expected

to be very similar to other types of mining alr~ady employed in the

u. 5. Potential health hazards in oil shale mining may be expficted

to be similar to mines using similar mining equipment and

techniques. Certain typ”> cf industrial hygiene data from such

mines may be useful in evaluating oil shale mining, Controls for

these hazards may dlso be expected to be similar.

-3-



IH Aspects of Underground Oil Shale Mining

UNDERGROIJND OIL WALE MINING

011 shale mining may be best Cnaracter;zed by its huge scale,

The high-grade oil shales of the Green River Formation average some

l15L/tonne (28gal/ton). Some 64,0W tonnes (70,000 short tons

or st) of oil silalemust be mined each day in order to produce 7,900

m3/day (50,000 bbl/day) of shale oil in an ~boveground retorting

facility. All of the underground mines Dr3posed for support of

above-ground processing of uil shale will utili~e room-and-pillar

mining. Figure 1, from Reference 10, contains a diagram of the

room-and-pill~r mining concept for oil shale. Tne room-and-pillar

technique has been tested in several experimental oil shale mines by

the Bureau of Mines as well as by Un!on Uil Co. of California,

Colony Development Operation, Mobil Oil Cmlpany, and Paraho

Development Corp. Conventional milling tecklniques of drilling,

blasting, lu~ding and hauling, scaling, and roof bolting will be

utilized in commercial oil shale mines.
10-14

Mining in support of

MIS retorting will also involve the same mining techniques, but will

not involve the ruolwand-pillar approach. J diayran of an MIS

retorting operdion in an experimental oi! shale mine is shown in

Fig. 2.

Rooms in commercial oil shale mines will be approximately ltiIn

(55-W ft) wide, pillars will be approximately 18 m square, and the

mine roof will be appruximatcly 18 III high. The entire 18 m height

will prubably be achieved in twc phases: 9 mwill first be mined
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IH Aspects of Undergro~nd Oil Shale Mining

with drilling into the wall, and a second 9 m will be mined by

drilling into the floor. Figure 3 is a photograph taken within an

experimental oil shsle mine which shows tne scale of the rooms and

pillars. A room+and-pillar mine of W,000 tonne/day capacity (as

proposed at the ColorIy project 1“) ~i 11 De the largest such mine

in the world. By comparison, the largest existing underground mine

in the U. S. is reported to yi~lu some 45,0u0 tfmnes/day (50,00(.)

12
stlday].

Entry into mines located along the outcrop of the southern edge

of the Piceance Basin (oil stlales in Colorado are primarily in the

Piceaace Basin; those in Utah are in the Uinta basin) will bt’by

a(litsinto the rich Manogany zone from portal benches constructed on

the edge of canyon cliffs. Figure 4 shows a haulage truck le~ving

an adit at an experimefltal oil shale mine. Underground mines in the

center of the Piceance Basin will req~ire vertical shafts for entry

to the richer oil shale zones which way be covered by hundreds of

meters or more of overburden. Figurv S presents a photograph of a

headframe for a hoist on a vertical shaft at an experiment~l oil

shale mine in the center of the Piceance Basin. Entry into

underground mines in the Uinta Basin will also h~ by shafts or

inclines.

[t is expected that all mining equipment in underground oil

shale mi,~es will be diesel powered. The drilling of horizontal

blastholes into the wail will be conducted with rotary jumbos, as
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shown in Figs. 6 and 7. Blasting will generally be conducted

prilled amonium nitrate/fuel oil (ANFO) mixture. Loading or

mucking will be conducted using front-end loaders of some 7.6
3

with a

2

(10 ydd) or larger capacity. Figure 8 shows a photograph of a

mucking operation in an experimental oil shale mine. The.oil shale

will De hauled by trucks of some 45-70 tonne (50-80 st) or larger

capacity. After mucking, the walls and ceiling are scaled (scraped

with a pick on a mechmical arm) to remove any loose rock. Figure 9

shows a photograph of equipment used for scaling at an experimental

oil shale mine. Holes are then drilled into the roof for

installation of rock bolts to insure the integrity of the rooi’

against rock falls.

Rotary blasthole drills will be used to drill vertical

blastholes down into the lower bench. Blasting, mucking, anti

hau’

ant<

the

ing will be the same as in the upper ~ench mining. It is

cipated that scaling will only be required up to the level of

previous floor. No additional roof bolting should be required

in the mining of the lower bench.
10

Primary and perhaps even secondary crushing of the cil shall’may

also be carried out undergromd in some oil shale mines. 14 The

oil shale is hauled and dumped into a hopper which leads tc a

grizzly which screens out the oversize rocks, Mechanic~i rock

breakers are used to break the oversize rocks into pieces th~t will

go through the grizzly. After crushing, the materi~l is carried

-6-



IH Aspects of Underground oil Shale Mining

from the mine on conveyor oel~s or hoisted up vertical shafts in

s~lf-dumpiny buckets or “skips.”

POTENTIAL HEALTH HAZARDS IiiUNI.)ERGRUUNDdIL SHALE 141NiNti

The mining of oil shale will result in a ndmber of potential

health hazards to workars. These include exposure to oil shale

dusts, diesel exhaust ‘from mining eqdipment, gases and vapors

produced in blasting, gases released from mine water or the cil

shale deposits, and exposure to noise, vibration, and heat generated

by hea”fymining equipment. Mining may take place under stressful

environmental conditions of insufficient lighting as well as ccld,

dampness and high humidity.

The majority of these potential health hazards are not unique to

oil shale mining, and most appear afl:snab]eto control by techniques

used in other types of min:rrg. Modified in situ retorting may.—

present unique occupational exposure problems, as discussed later in

this paper. The nazards in oil shale Ii]ininghave not been well

characterized, so i: is not possible to truly definr the risks to

miners at this time. Mining on the scale proposed for oil shale

development has also nut been conducted previously, and the

equipment and techniques of control have not been demonstrated on

such a scale.

Exposure to Dusts. Airborne dust is considered be the most

important potential health hazjrd to underground oil shale miners.

-7-



IH Aspects of Underground Oil Shale Mining

Drilling of blastnoles, blasting of the ore with explosives, mucking

and haulage of the ore, scaling of tne newly exposed surfaces, and

crushing of the ore ?11 generate airborne dust.

One may first evaluate the hazard potential of a dust by

examining the chemical composition of the parent material. Ui1

shale is a rock in which the mineral portion is associated with a

complex, high+nulecular weight organic material. The mineral

portion of oil shale from the Green River Formdtion is primarily a

marlstone or mixture of calcium and m~gnesium carbonates with some

quartz, silicates, ana other Illinerals. Tne quartz content of Green

River oil si,~le is reported to range from 10 to 20 per cent.
15

Trace elements of potential concern and their reported

concetltrations include:

26.5 ppm; mercury, 0.09S

arsenic, 44.3 ppm; cadmium, u.64 ppm; lead,

16ppm; and nickel, 27.5 ppm. The orgdnic

portion of oil shale is principally ?.waxlike material known as

kerogen which is of such high molecular weight that it is not

extractable in conmon organic solvents

organic compon~nt is bitumin, which is

weight than kerogen and is extractabl~

River oil zhale is reported to average

such as benzene. A second

of somewhat lower m~lecular

in organic solvents. Green

some [’;per cent mineral

matter, 11 per cent kerogen and 3 per cent bitumin. 17

The presence of crystalline silica such as quartz in oil shale

suggests the potential for fibrogenic lung disease. Results of

inhalation toxicology studies at Los Alamos with raw and spent oil

-8-



IH Aspects of Underground Oil Shale Mining

Shdles are discussed at this conference by L. M. Holland. No

definitive correlation of pneumoconiosis with oil shale dust

exposures has been found in U. S. oil shale workers, but medical

15,18
surveys have been very limited. The duration of exposures of

those studied has also been short--usually less than 5 years--and

many of the oil shale workers have had equal or longer duration of

work in hard rock mines.

Experience in Scotland and the U. S. S. R. suggests a relatively

low potential for pneumoconiosis for shale dusts in those areas.

Four workers have been described as developing pneumoconiosis after

work histories of 32 to 53 years of underground oil shale work in

Scotland.
19

The authors are unaware of any availabl~ dust

exposure data for the Scottish oil shale mines.

Pneumoconiosis has not been noted by chest x-r~y in Estonian oil

shale wurkers with lcng exposure nistcmies. Autopsy of workers with

15 cr more years of oil shale dust exposure did show them to have

20
moderate fibrosis in the lung and bronchopulmonary lymph nodes.

Average dust levels in mines in the U. S. S. R. are reported to

range from 6.5 mg/m3 in drilling for roof bracing to 12.1 mg/m3

in horizontal bldsthole drilling, and even as high zriaverage as

52.7 mg/m3 in drilling vertical blastholes intu the roof. The

U. S. S. R. occupational standard for oil shale dust is 4.0

3 21mg/m . The qu~.vtz content of the airborne dust in Estonian

oil shale mines is reported to average 3 per cent. The organic
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IH Aspects of Underground Uil Shale Mining

content of the Estonian oil shale is higher than shale from the

Green River Formation, averaging some 41 pw- cent.
?g

Table 1 (extracted from references 3-7 and 9) summarizes results

of dusi sampling in experimental U. S. underground oil shale mines.

These results include data for total dust, respirable dust, dnc!

quartz content of the dusts. The samples reported were taken uvel.

several years in three oil st]~lemines ~itl]varying levels of ,Iliflir]g

activity, dust controls, ventil~Lion, moi>ture. anu utiler factor>.

Because total al]d respirab]e aust sdmplcs were not generdlly

taken at the same time or locations, one cannot directly compare

total and respirablr? dust concentrations to estil:ldtepariicle size.

Cascade impactor sample~ collect(’ilinuicat median particle sizes

(aerodynamic diameter) in the range of Z to 3 ~m in gencrdl i;]ineair

samples and some 10 Mm near a scaling operdtion. 2’4-6 Thc

particle size data ifluicateth.dtthe m~?dian particle size is

relatively small, with some W-6U per cent considered respirable by

Criterid Of the A1!~riCallConference of (k)vWfllWl)Ldl lllduStrldl

t!ygienists (ACGIH) in genertilIi]ine

considered respirable nedy the scd

l@drtz corltuntof the airborl~u

air sdmples an(l SOlilt? Z(I per cent

2,22
inq operation sam~ :Ld.

dust il.experimental oil sh~le

2.4-6,8
mines has been repurted to rdnye from u Lo 14.4 pe~”cerlt.

Ta~le 1 dlso ~mmarizes these results by operdtion. The overall

arithmetic mean for the 5Y samples reported is J.9 per cent. Uhere

x-rdy ditfractiun was utili~~’d tor free silirl dnalysis of swnples

-lu-
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~ollected by Los Alanms, the results indicate that quartz is

probably the only form of crystalline silica of concern; no

cristobalite or tridymite were detected.

The ACGIH Threshold L’

quartz va;-ieswith quartz

~: ent, tne TLV for tots’

mit Value (TLV) for dusts containing

content. Assuming 5 per cent quartz
.

dust is ?.8 mgln]~ and 1..4 ~g/li13 for

respiraDle dust. Corresponding values fur dust containing 14 per

cent quartz dre 1.8 nIg/m3 for tctal dust and 0.6 m:,/m3 for

23 .
respira~le dust. dust concentrations reported in Table 1

indicate that dust controls must De empl~asized in commercial oil

shale mines to prevent miners from being overexposed to dusts

containing quartz.

Even at tne hig!lest dust concentration repor?.ed for experimental

oii shaie mines (31.9 my/m3, ref. 4), trace e’lements such as

arsenic, CddllllUlll, lead, mercury, and nickel should be well below

applicable TLV’S based upon the reported concentrdcions ot’the

elements in oil shale. Trace eleriwts in MIS retorting ~re

discussed furtner later in this paper.

Lxposure to Diesel Exhdust. Diesel exhaust contains particles—. ——

of a high orgdnic content, as well as nitric oxide, nitrogen

dioxide, Cdrbon monoxide, carborldioxide, sulfur dioxide, and

organic gases and vapors inclllding aldehydes and polynuclear

aromatic hydrocarbons {:A!!), Whether diesel equ~prnent in

undergromd minus ccmstitute a health hazwd remains ~ subject of

controversy. Little
-11-
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data is available orI “levelsof air contaminants of concern with

diesel exhaust in oil shale mines.

The Bureau of Mines has performed ashing of respirable dust

Stunplesfrom an experimental underground oil shale mine which

Indicate that the organic (non+nineral) fraction of mine samples

averdyed some 85 per cent, while samples collected near an oil shale

crusher of the sme facility averaged only some 40 per cent.

Scanning electron microscopy also showed qualitatively that the

2
majority of particles in mine air by number were ilun-mineral.

Los Alamos performed cyclohexilne extractions of filter samples

collected in an underground oil s;lalemine and near an oil shale

crusher located outside the mine, as well as of finely-ground oil

shale in bulk. Extracts from the filters and bulk oil shale wwe

analyzed for 21 polynuclear hydrocarbons dnd polynuclear

heterocyclic nitrogen compounds. Tne results indicate approxim~tely

a two-told increase in both tiletotal material extracted and the sum

oi the quantity of the 21 PAtiillthe mine air s,mple versus the

crusher ml bulk shiilesamples.4

The re$ults from these studies sugy~st that particles

origindtlng with diesel exhaust ma} constitute a ldrLJ~ porticm of

the [nine dusts. To d~te, no toxicological studies have been

conducted to examine whuther ttlecomb’

particles and oil shale dust IIiayresu’

to oil shale mirwr~.

rlatiunof diesel exhaust

t in poterltl~l health hazards

-12-



IH Aspects of Undcrgromd Oil 5h~le Mining

Limited sampling has treenconuucted in experi’nental oil Shdle

3-5,7,9
mines on ~ases and vapors of concern with diesel exhaust.

Sarnplin~was concJucted at one or more mines for nitrogen dioxide,

nitric oxide, carbon monoxide, carbon dioxide, anmoniap %ulfur

dioxide, fcmnaldehyde, and PAH. The majority of these samples were

cullected in conjunction with the burn o? MIS retorts and were aot

collected in proximity to operating diesel equipment. None of the

available data indicate levels of any of these air contaminant< in

excess of applicable TLV’S; most results are non-detectable or f~r

below TLV’S.

Extensive data have been collected by MsHA at ~ number of other

metal and non-metal mines in whicn diesel equipment are

24
utilized. These include data on carl)onmcnoxide, nitrogen

oxides, sulfur dioxide, amonia, aldehydes, and carbon diuxide.

Very f’ewof the mines had levels of any of these compounds which

exceed applicdule TLV’S. The results indicate that ventil~tiun

ratts utilizeu in conrnh?rcialmine. dppear to be adequate t[ maintain

concentrdt.ions of gases associated with diesel exhaust below

dpp] icable TLV’S.

lt~escale of commercial oil shale mines mdy affect exposure to

diesel exhaust cont~mirlants. hmnercial oil shdle mines are

expected tn utilize larger diesel equipmel}t than Is currently used

In und~ryround mining. The v(!ry ldrge rooms represent much larger

volumes to)’dilution of diesel exhdust or uther air contaminants,

-1 J-
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but the efficacy of ventilation in such very large rooms is not

proven. Air velocities may be expected to be lower due to the large

cross-sectional area ot’drifts.

Exposures Due to Blastiny. The danger of toxic gases produced

by tn~ detonation of explosives in underground mines has been

25r~cognized since tne early lYOU’S. Gases of prir’ry concern

witn the use cf ANFi.1for I>lasting are carbon morloxide, nitric oxide,

nitrogen dioxide, and carbon dioxide. Dust and organic gases and

vapors will a]SO be produced.

Blasting at experimental oil snale mines appears tu nave

generally been conducted at the end of a shift, with the return of

min~rs the following day r.rrdfter a weekend. Colmrcial oil shale

mines are expected to i~lvolvemining on a 24-hr/clay, 7-day/week

basis. Blasting will be conducted between shifts, but miners will

i’eturnshortly afler crldsting.

Only very limited data are available un lev~ls of dusts, gases

4,Y,2b These
and vapors created in oil shale mines by blasting.

d~ta indicate thdt levels of dusts, carbon monoxide, and nitrogen

dluxide may ev,ceed TLV’S after blasting. V(!ntilation will be

required in comercial mines prior to the return of personnel.

Gases Released From Mine Water and Oil Shale. I)eepJll shale

mines located in tlw center crf the Piceance Uasirlof Colorado have

been found to be “g~ss,y.
“27,28 tidssyConditions drt!also expected

within ur:derground mlues in Utah. Mines along the uutcrop on the

-14-
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southern edye of the Pictidnce basin ~re not expected to experience

such problems ; none of the experimental mines along the outcrop have

been ydssy.
11

Gases of primary concern in gassy mines are methane

and n~drogen sultlde. Methane is a simple asphyxiant and should not

be a health hazard at levels that are safe from the standpoint of

fire prevention (i.e., less than 1.(Iper cent m?thane in air).

Hydrogen sulfide appears to be associated with mine water.

Hydrogen sulfide has been measured to range frol,l0.5 to 1(Ippm near

the mine-water sump of an experimental oil shale mine, even with a

high rate of ventilation in the area.5 Ttw TLV for hydrogen

23
sultide is 10 ppm.

The emanation of rtidongas lrom surrounding rock is a concern in

severdl types of underground mines. Persons within buth the oil

shale industry and MSHA have stated to one uf the authurs thdt radof]

is not a prublem in underground oil shale mines. The authors dre

not aware of published data from radon daughter measurements in 011

shale Iuines, Radon cl~uyhternleasurtuwts t]ave apparently been

conducted I)yMSHA in at least unc experimental oil shale mine. with

results of these measurements st~te(l to be .0.1 working level. The

sampling results are thought to be IrlMN-lA archives at Ilenver, but

were not available to the a’~thors at the time of prepar~tion of this

reLort.

l~wltiv,]ndVlbrtition. Noise a%sociaterl with mining and.— — ..... ..

ventilation equipment is a problcw throughout the mining

-15-
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29
industry. Los Alamos has conducted a noise survey in an

experimental underground oil shale mine during the burn of an MIS

retort. Nuise levels exceeded 9(JLIBA nea’- booster fans, and in both

3(I
mice water and product pump areas. ALtho~igh not measured,

extremely high noise levels were also observed in the sallleInif?

previously during operation of diesel load-haul-dump Vehicles,

pneumatic drillin~ f~r roof bolts, and in operation of the

llleChdnlCalrOCK breaker.

The lhirc~uof Flints sponsored ~ 1974 and 1975 study of noise

exposures dssuc

underground min

QVdlUdted, Only

ate(.!witn ttleoperdtion of diesel-powered

29
ny equi[)ment. Of 19 pieces of mining equipment

Z had noise levels which were less tha~l 90 db{. L)ne

of thuse two wds also greater than W dUA when tested underground.

ILquiplllerlttested in thdt study which are exp’)cted to be used in

commercial oil shale mines (and noise levels IIIeasured dt the

positiorl uf the operdtor of the equipment in thdt study) include

frunt-el~d Iomlurs (9U IJtiAun(lergrud,.1), JuInljodrills (Y2 dHA

dboveyround), ore trucks (1,03 cIIJAur~clerground), and roof-bolting

lndchines (9b dl.W).

No Ltudieb hdw been ~.mlucted in U. s. oil shdle mirles

corlcerrling ettects of villrdtion of Illillirlg‘quipmer]t on Illiners.

Keporis of studies condllcted dt oil ~lldle nlilu?sirl the U. b. 5. R.

inclicdt~!thdL vibrdtioll ~liSl!dSCw~~s diagr105[’d 111~lmosL one-third of

the drl Ilers examined. \iyrls of vlbratim disease irldrillers u:)iny

-i.)-
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manual electric drills for almost the entire workday were repurted

to appear after 7-8 years of exposure on average. Workers exposed

to vibration for 1/5-1/3 of the wGrkday developed viDratiun diseese

31
after an average of 13 years of service.

The scale of mining proposed for U. S. oil shale mines will

likely mean reduced exposure to vibration as the operator$ of jumbo

driils will be relatively isolated from local vibration of the drill

rods, Ndnual pneumatic arills tlave been observed, however, in use

in rock bolting in an experi’nenta? oil shale mine.

Rotdry-percussion drills have also been used for ro[]i bolting in

10
another experimental oil shale mine.

Enviroruwnlal Conditions. Idllllllynldy take pl?Lce uwder poor

environmental conditions of insufficierit lightinq as well as cold,

dampness, dnd high huulldity. Fixed lighLing wi’li be us~d in very

few dress, altliouyh lights on diesel equipment will supplement that

from miners’ ldIIIps. L~rge quantities of underground wdter were

enco{lntered dt d deep underground mine in the center of the Piceanc@

basin, as wel

outcrop nldy a’

expected ttlat

shale mines.

21,28
ds In ~inkicg a deep shaft. Mines along the

so encourltel” some ulmerground wdtrr, arid It is

wdtel” will also be used for dust control at all oil

Larg~: vo]umes of ver~tllation ~ r will be used in

has been reported that

entlatlon air will

ne 11. Air used

cmmercial oil shal~ mines. For example, it

Inure thar]11.3,4(JOu13/min (4 million cfm) of I

be r~qlulred at the Colony commercial oil shale In

-1)_.
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in ventil~tion will be very coid in the winter months. It is not

likely thdt tempering of the air will b? feasible due to the large

volumes of ai~.that will be used. The result is that miners in

commercial oil shale mines may be exposed to conditions of wet and

cold, with nign humidity.

‘Similarccrndition. nave been described in oi shale mines n the

u. 5. h. Ii. These conditions h~ve been attributed to causing

cold$. Chronic rllinitis, tonsillitis, and brOfIChltiS are also

reported to be of increased incidsnce in the Estonian oil shale

mines. In addition ‘to the climatic factors, shale dust is .tated to

be orleof t~lecausez of these diseases.
;1

Modified in situ retorting. The MIS retortin~.———

present Ilnique occupational exposures relative LO

encountered in underground mining. Miners prepar

process may

those conwi]only

ng retorts

underground will be in proximity tu previously-prepared r~torts that

are burning or cooling down. Some ~ossibility exists for the escape

of retort otfgases into thtimine (through fractures in the oil

st:~le) from burning or newly-abandurred retorts, even though

gas-tight bulkheads are constructed ?,ndretorts are normally

operaied at neydtlve pressure relative to the surrounding mine.

Retort offya>es contain high concentrations uf ~arburlmonoxide,

hydrogen sulfide,

Shale oil and

bottoluuf the MIS

almonia, and hundreds of organic compuunds.

water produced i!lretorting will flow to the

retor~ aridon to sumps locatr+r.1within the mine.

-18-
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From the sumps, the retort products will be pumped to the ground

surface for sep~raiion and processing. Workers in the area of sumps

and pumping f~cil ities may be exposed to vapors from the retort

products. Skin contact kith the retort products may also occur in

maintenance and repair of equlplilent.

The healtn signif~:ance of the very complex combination of

organic vapors from srltileoil and rstort offgases is not known at

this time. The components ot’the vapors and offgases have not becrl

well cl~aracterized, and no ilm~ldtion toxicology studies have yet

been conducted on these products. The Vresence of arolliaticand

polynuclear aromdtic hydrocarbons raises concerns of

carcinogenicity. The hazarus of repe~terl and prolonged skin contact

witn shale oil are weli Known. 7h~ experience of tileeirly Scottish

industry with skin cancers haz been widely reported, as has the i~~gh

incidence d s~in cancers in the “mule spinners” of the cotton

induswy where the shale oil was used for l~~brication.32 Shaie

oils from several returtlng processes being developed in the U. S.

have also been found to cause skin cancers ir animals.
32,33

Several short-term industrial hygiene studies have been

conducted in experimental oil shale mines in conjunction with the

burn of experimental or pilot-scale MIS retorts.
5-7,9

Some mining

activity was also going on. Low or non-detectable levels of most

air contaminants sampled were abserved in each of these studies.

Table 2 contains a sulmnary of the result~ from a study by Los

-19-
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Al dnuS.5 There was an apparent increase in the concentration of

the sum ~f the seven PAH measured during the burn relative to the

concentration measured prior to the burn. The levels of most gases

and vapurs were not detectable with the sampling and analytical

methods employed. Hydrogen sulfide (H2S) was ubssrved in

association with the mine water, w;”!h highest H2S corlcentrations

measured ~t the mine-water sIJInp.Higher levels of H2S were

observed prior to initiation of the burn of the i-etortthan during

the retort burn.

Studies by N1OSH and MSHA in two experimental 141Soil shale

mines have included ana?yses of trace elements in airborne

dust?” Elements analyzed included arsenic, cadmium, lead,

nickel, cobait, chromium, beryllium, and vanadium. Mercury vapor

sarnpling

elements

CONTRWS

/
was also conducted by MSHA. Where detectable, the

were reported

FUR POTENTIAL

at very low levels relative to the TLV’S.

HEALTH HAZAdDS

Controls for potential health hazards are expected to be similar

to those currently i:luse in underground mines. Engineering

contro

likely

contro

sca1

such

s are preferred, but personal protective equipment will

be necessary in some situations. Water will be used to

dust in drilling. Water sprays will reduce dust from

ng, mucking, loading, and +aulage roads. Dust from operations

as crushing can be collected ~nd controlled by a variety of

-20-
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availdDle equipment. Ventilation will be the primary ineans of

reducing exposures from diesel exhaust and blasting, as well as

gases such as hydrogen sulflcle and methane. Uiesel mining equipment

may also be equipped with devices such as scrubbers and catalytic

converters to reduce exnaust emissions.

The very “largescale of diesel equipment planned for underground

oil Shdle mining will ~lso permit the enclosure of operators with

air filtration for dust control, insulation and damping for noise

control, and air conditioning or heating for control of adverse

environmental conditions. Where miners ape required to work outside

equipment enclosures in cIusty areas, respirators may be required.

It appears unlikely that en~+neering controls wil’i be adequate to

reduce twise levels belo~ 911dbA with most types of equipment in the

near future, and personal protection will likeij’ be required to

protect

SU!4:4LWY

mirlers’ hearing.

ANIIC(JNCLUSIUliS

Comercial oil shale mining will be conducted on L very large

scale. Conventional mining techniques of drilling, blasting,

mucking, loading, scaling, and roof bolting will be employed.

Room-and-pillar mining ~ 1 be utilized in most mines, but mining in

support of MIS retorting may also be conducted. Putential health

h~zar[ls to miners may include exposure to oil shale dusts, diesel

exha~st, blasting pruducts, gases released from the oil shale or

-21-



IH Aspects of Underground Oil Shale Mining

mine w~ter, noise and vi~ration, and poor environmental conditions.

Mining in support of MIS retorting may in addition include potential

-xposure to oil Shale retort offgases and ret,ort liquid products.

Bas~d upon the very limited industrial hygiene surveys and sampling

illexperimental oil shale mines, it does not appedr that oi? shale

mining will result in special or unique health hazards. Further

arl~malto~icity testing data could

findings are unusual. Sufficient

indicate that controls for dust wi

result in reassessment if

nfor-mation is available to

1 be required in most mining

activities, ventilation will D: necessary to carry away gases and

vapors from Dlasting and uiesel equipment, dtlc!a combination of

engineering controls and personal protection will likely be required

for control of ncise.

RECOFWNLIATIUNS FOR FUTURE WURK

As noted above, the industrial hygiene studies which have been

conducted in experimental oil shale mil)eshave been limited in

duration, and have not adequately exdmlned dl] mining operations.

Sampling for gdses and vapors hds primdrily been conducted in

conjunction with MIS retorting. Studies OH MIS retorting have not

addre~sed the situation of a number of com?rcidl-scale retorts

operdtiny at the same time or abnorlllal SitUdtlOnS such ds retorts

operating under positive pressure. Comprehensive, long-term

industrial hygiene studies in operdting oil shdle mines dre needed

-22-
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,

to truly assess the potential health hazards and controls in
.,-

cotmnercial mines.

Additional long-term toxicological testing of low levels of oil

shale dusts and oil shale dust in combination with retort offgases

is needed to further evaluate potential health hazards wit,hthese

materials. Although ird~lstrial hygiene and epidemiologic studies

are being conducted in coal, met~l, and nonmetallic mines having

operating diesel equipment% nothing is known of potential health

hazards of a combination of diesel exhaust and oil shale dusts.

Long-term toxicological studies dre also needed to evaluate trris

problem.
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FIGURE 1. ROOM-AND-PILLAR MINING OF OIL SIIALE.
(Reprinted from “Colony Development Operation Room-and-
Pillar Oil Shali’Mining)’ by Paul d. Marshall, uartvrly

\of the Coloradn School of Min~s, v. 69, no. 2, y--------

~6iiifiii6i-df-ihi-~o~i;ati6‘SCTOO1 of Mines.
(1-11974 by the Colorado School of Mfnps,
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FIGURE 3. INSIDE AN EXPERIMENTAL ROOM-AND-PILLAR OIL SHALE MINE.

,.

FIGIJllE4. HAULAGE TllUCKLEAVING ADIT AT EXPFIIIM[14TAL OIL SHALE
MINII.
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FIGURE 5. HEADFRAME FOR HOIST ON VERTICAL SHAFT AT
OIL 5HA\E MINE.

I

EXPERIMENTAL

FIGIJRE 6. DRiL1.lNG 13LASTHOLES IN WALL AT EXPERIMENTAL OIL SHALE
MINE.



FIGURE 7. CLOSE-UP OF ROTARY JUMBCJ FOR DRILLING BLASTHOLES.

FIGURE 0. !4ULK1NC CIPERATION AT AN EXPERIMENTAL OIL SHALE MINE.
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FIGURE 9. EQUIPMENT USED FOR SCALING OPERATION Al” EXPERIMENTAL
OIL SHALE MINE.



OPERATION—-

Blmathol~ Drilling

Blasting

Mucking, LOadin8

Scaling

Roof BolCing

Genral Hin~/
Unspecified

TABLE 1

DL’ST SAMT’LING IN OIL SW MINES
(EXTFLACnD FROM FLEFERENCES ‘, 4, 5, 6, 7, and 9)

TOTAL DUST (MS/m3)
NO. MAX. Mm

7 31.9 14.7

.- ----- ---

4 14.1 8.2

-- ---- -.—

1 —.- 12.6

52 14.6 1.2

KESPIWLE DUST (mg/m3)
No. w. MEAN

5 14.6 6.4

-- ---- ----

lb 3.0 1.0

4 2.7 1.7

3 0.8 f,c6

45 2.9 0.6

QUARTZ CONTENT (2)
NO Mx . P.EA!<-

2 5.4 499

4 6.7 2.L

3 2.3 1.8

35 9,9 3.1



Table 2

AIR SAMPLES FROM EXPERIMEtiTAL OIL SHL:E MINE D~alffiBuF!l~OF KIS RETfJa T
(FrcmRefprence5)

CONTAMI WINT

Dusts
=tal Ous’

RespirableOust

per Cent Dust

PA@

Gases and vdpsrs

Carbon140noxide

HydrogenSulfide

Nl~rogenDicxide

Sulfur Oio~lde

Arsine

Formaic)fhyd:

TotalAmines

Benzmr

Tol~we

Phenol

Carbon DlsUl!lfJe

NO. OF
SAMPLES

45

33

20

6

28

26

14

16

12

15

1$

40

40

40

1

a TLV assuming 57 W~rtl.

THRESHOLO
LIMIT VALUE

3.8mg/m3 a

1.4w/m3 a

.-—

—--

50

10

5

.

LJ,05

?

10

10

10U

5

10

ppm

Qpm

ppm

ppm

ppr,

pprl:

pprr

ppm

pLlnl

ppn

RESULTS

0.27-2.91 mglml

0.09-1,20 mg/m3

<1.5-4.4 per ce~t

37-6S9 mg/m3

<5

<0.5-10

<0.2

<0.2-1.5

<0.05

<U.3

<0.4-1,3

<fJ.L2

<Go?

<L.0J2

<51)

pp-

pprr

ppm

pp?rl

pp?

p~rn

ppm

pprl

ppm

p;lrl

pp m

b polYl)JcIc~r Pr~~tic Hydrocarbons (PAHJ - sun, of ar,(lt.acenc,

benza;a)pyrrne, chrysene, flw~!?ne, phenan~hrene. ?fid PJ’re~l~.

r TLV for met~lyl amine.


